Purpose: To determine the prevalence of temporomandibular disorders (TMD) in medical university students and to analyze the relationship of TMD with psychological and functional occlusal parameters. Materials and Methods: 200 students (mean age 21.81 ± 1.99) were screened for TMD with the TMD Pain Screener. Clinical examinations identified the participants with TMD. Based on their diagnostic criteria for TMD (DC/TMD) axis I diagnosis, participants were divided into three groups: group 1-non-TMD, group 2-pain related TMD and headaches, and group 3-intra-articular joint disorders. Further study was continued involving patients diagnosed with TMD as the study group, and an equal number of age-and sex-matched participants were selected in control group. Among these, emotional distress was evaluated using the "hospital anxiety and depression scale" (HADS). Occlusal evaluations were done by using the T-Scan computerized occlusal analysis system. Occlusion time, left lateral disclusion time, right lateral disclusion time, and protrusion disclusion time were measured with T-Scan III. These parameters were compared among the groups with ANOVA test at a significance level of 0.05. Results: 17% of the population were affected by TMD. The mean HADSd (depression) and HADSa (anxiety) scores were significantly higher (p < 0.05) in group 2 (7.67 ± 3.68; 10.60 ± 3.33) and group 3 (6.89 ± 3.23; 9.26 ± 4.05) as compared to group 1 (3.18 ± 2.33; 5.29 ± 3.21). The mean values of occlusion time, left lateral disclusion time, right lateral disclusion time, and protrusion-disclusion time were also higher for group 2 and group 3 as compared to group 1. Conclusions: This study found that the prevalence of TMD in this university student population was 17%. There were significant associations of TMD with psychological parameters and functional occlusal parameters.
Temporomandibular disorders (TMD) refer to a collection of medical and dental conditions affecting the temporomandibular joints (TMJ) and/or muscles of mastication, as well as contiguous tissue components. Various epidemiologic studies have indicated the prevalence of TMD varies substantially, depending on age, gender, population, and method of assessment of TMD. [1] [2] [3] [4] [5] [6] [7] Because of the low reliability of clinical examiners for evaluation of signs of TMD, 8 new Research Diagnostic Criteria for TMD (RDC/TMD), which consist of standardized clinical assessments of TMD signs, were proposed. 9 RDC/TMD consists of axis I and axis II; axis I involves standardized clinical procedures for establishing TMD diagnoses while axis II concerns pain-related disabilities and psychological impact of TMD. These criteria have been revised at periodic intervals, and the current version was termed the Diagnostic Criteria for Temporomandibular Diseases (DC/TMD). 10 Helkimo's index 1 questionnaires have been commonly used, but these lack standardization. 11 Few studies have estimated the prevalence of TMD in university students based on standardized criteria. 12 The etiology of TMD is believed to be multifactorial. 13 Published manuscripts have found positive as well as negative correlations between stress or depression and progression of chronic facial pain. This might be due to different assessment methodologies.
14-16 TMD has been frequently found to be associated with diverse occlusal anomalies such as lost posterior support, nonworking contacts, and malocclusions. 17, 18 However, few studies have indicated a correlation of TMD with occlusal factors. [17] [18] [19] [20] [21] [22] A Cochrane intervention review failed e445 to show evidence to support occlusal adjustment for treating or preventing TMD due to lack of standardized diagnostic criteria and outcome measures across different studies. 23 Occlusion was mainly evaluated by visual inspection or the use of contact detection products such as articulating paper. 18, 19, 24 These methods obviously reduce the possibility of comparing different studies on account of lack of standardization. 25, 26 Computerized occlusal analysis with T-Scan III (Tekscan Inc, Boston, MA) generates a real-time movie of the entire occlusion and allows assessment of dynamic as well as static occlusion. 27 There is a need for estimating the prevalence of TMD based on DC/TMD criteria in India and population-based variation in occlusal parameters. Therefore, this study was conducted to determine the prevalence of TMD in young adult medical university students and its association with psychological and functional occlusal parameters.
Materials and methods
This study was designed and conducted from April 2014 to November 2015 in the Department of Prosthodontics of King George's Medical University (Lucknow, India). Sample size for this study calculated by power analysis was 149 using significance level of α (1.96 for a two-sided test at the 0.05 significance level) and expecting a prevalence of 45.16% from a previous study 28 and an absolute precision of 8%. After obtaining ethical approval from the institutional ethical committee (70th ECM II-B/P 38) and written informed consent, 200 undergraduate students in the age group of 18 to 28 years (mean age 21.81 ± 1.99) were selected by simple random sampling from the medical university.
The participants completed a self-reported questionnaire, containing information about personal, medical, and dental histories. In addition to this, the patients completed a TMD pain screener 10 (Axis I TMD Pain Screener, used as a simple, reliable, and valid self-report instrument to assess the presence of any pain-related TMD, with sensitivity and specificity ࣙ0.95) to identify potential participants having TMD. The TMD pain screener was modified to fulfill the purpose of the study. The period of symptomatic episodes was extended to 6 months, to include participants being observed during a period between occurrences. Participants with positive responses to the TMD pain screener were examined clinically to establish a diagnosis of TMD according to DC/TMD axis I diagnostic criteria. 10 To eliminate bias, these clinical examinations were done by the same examiner. On the basis of the TMD diagnosis, participants were divided into three groups: group 1: non-TMD group; group 2: pain-related TMD and headaches; group 3: intra-articular joint disorders (disc displacement). Patients diagnosed with TMD were taken as the experimental group, and an equal number of age-and sex-matched participants were selected to serve as controls. Psychological parameters were assessed for participants of all groups with the help of the Hospital Anxiety and Depression Scale (HADS). 29 HADSd (depression) and HADSa (anxiety) scores were calculated from the questionnaire answers and categorized as: 0-7: Normal; 8-10: Borderline abnormal; 11-21: Abnormal.
Functional occlusal parameters in all groups were assessed with T-scan III computerized occlusal analysis system (T-scan III). Based on the real-time force movie of occlusion generated by the T-scan III software, occlusion time (OT) has been defined as the elapsed time from initial tooth contact until maximum intercuspation is reached in centric occlusion. 30 The disclusion time (DT) has been defined as the duration of time that working and non-working posterior teeth are in contact during a mandibular excursive movement that commences from a habitual closure position through to the contact of anterior guiding surfaces. 30 Depending on the excursive movement, DT was categorized as left lateral, right lateral, or protrusive disclusion time. A single examiner made all recordings, while the occlusion time, left lateral disclusion time, right lateral disclusion time, and protrusive disclusion time were evaluated by a different examiner to facilitate blinding. The recordings were made between 10 am to 12 pm to eliminate diurnal variations. A new T-scan III HD sensor was used for each patient. In case of perforation of the sensor, a new sensor was used even in the same participant to eliminate false readings on account of salivary leakage into the sensor. Mesiodistal widths of the right maxillary central incisors were measured using a sterilized stainless steel Vernier caliper (SS White, Lakewood, NJ). The chair was adjusted to an upright position, and the participants were instructed to practice mandibular opening and closing movements at least three times before the recording procedure. Appropriate size T-scan sensors were positioned into the oral cavity of the participants aligned with the midline, and participants were instructed to perform various movements. The sensitivity of the sensor was adjusted in the software to a level that produced two to three red dots (high pressure areas). Two recordings were made for opening and closing movements. The participants were trained similarly for right lateral, left lateral, and protrusive movements sequentially and asked to repeat the movements until the participant could satisfactorily perform these movements. The occlusion time, left lateral disclusion time, right lateral disclusion time and protrusion disclusion time were calculated from the corresponding recorded force movies.
Groups were compared by one-way ANOVA, and the significance of mean difference between groups was done by Tukey's post hoc test after ascertaining normality by Shapiro-Wilk's test and homogeneity of variance between groups by Levene's test. Categorical groups were compared by chi-square (χ 2 ) test. A two-tailed p value < 0.05 was considered statistically significant. Analyses were performed on SPSS software (IBM SPSS Statistics for Windows, V22.0; IBM Corp, Armonk, NY).
Results
Of the initial sample of 200 participants, 34 were diagnosed with TMD. Thus the prevalence was 17%. Since none of the participants received a diagnosis of degenerative joint disorder, the subjects were divided into three groups as the non-TMD (group 1), pain-related TMD and headache (group 2), and intra-articular joint disorder (group 3) (Fig 1) . Comparing the gender differences (M/F) among the three groups, χ 2 test failed to show a significant gender difference (χ 2 = 0.77, p = 0.680). Thus comparability was ensured between the groups (Table 1) . Mean hospital anxiety and depression scale scores for depression (HADSd) and anxiety (HADSa) were the highest for group 2 and lowest for group 1. HADSd and HADSa scores amongst the groups were statistically different (p < 0.001)) except between groups 2 and 3 (p > 0.05) ( Table 2 ). Categorical evaluation of HADSd and HADSa scores (as described previously into normal, borderline, abnormal) revealed significantly higher (p < 0.001) frequency of borderline and abnormal scores in groups 2 and 3 ( Table 3) . The functional occlusal parameters showed a similar trend. The mean value of functional occlusal parameters were significantly lower (p < 0.001) in group 1 as compared to groups 2 and 3. The occlusion time, left lateral disclusion time and protrusion disclusion time were highest for group 2, though right lateral disclusion time was highest for group 3. No significant differences were observed between group 2 and group 3 for any of these parameters. (p > 0.05) ( Table 4) . 
Discussion
University students (mean age 21.81 ± 1.99) were selected for this study, as high levels of anxiety and depression have been expected among the university student population owing to factors such as staying away from the family, emotional changes, and the psychological pressure of examinations. University students, therefore, might be at a high risk of TMD. Also a high prevalence of signs and symptoms of TMD in the university student population has been documented. 4, 12, 28, 31 In the present study, a positive correlation of stress and functional occlusal parameters was found with TMD. The occurrence of TMD has been linked to psychological factors by a number of studies. 15, 32 The prevalence of TMD as detected in this study (17%) was found to be much lower as compared to a previous study in a specific Indian university student population (45.16%). 28 The difference in prevalence between the studies may be attributed to the method of diagnosing TMD. In previous published papers, different methods, such as Helkimo's index, have been used to diagnose TMD. These reports lack standardization.
11 Also the reliability of clinical examiners for the detection of signs of TMD has been shown to be low. 8 To ensure standardization and comparability, DC/TMD criteria were used. Even when using DC/TMD, prevalence was found to be higher in the non-Indian population. 12 The difference in prevalence between the findings of this study and previous studies could be due to the use of the TMD pain screener to identify potential TMD patients. Due to the use of this instrument, only participants with pain, or those who have had pain in the past, were examined. The time period of pain was extended to 6 months to detect participants suffering from TMD who were in remission at the time of study. Only participants with pain (symptomatic participants) were examined in this study, while previous studies also considered non-symptomatic patients. Additionally, this could cause an overestimation of the true difference. Though the population in this study was English speaking, a lack of availability of a Hindi version of the DC/TMD criteria might have increased possibility of false negative participants. This type of bias could result in overestimation or underestimation of the true effect.
The correlation of depression and anxiety with TMD has presented diverse results in previous studies. The mechanism of stress on TMD is not well understood. Hypothalamic pituitary adrenal (HPA) axis dysregulation is believed to play a role in activation of TMD symptoms. This has been demonstrated by increased urinary cortisol levels in patients with TMD. 33 Thus, stress could play a major role in TMD etiology. Though an association between TMD and depression or stress was observed, specific inferences regarding depression and anxiety levels could not be made from this study.
This study found significantly high occlusion time, right lateral disclusion time, left lateral disclusion time, and protrusion disclusion time in participants with pain-related TMD and headaches and in participants with intra-articular joint disorders as compared to the control group. There was no significant difference between the two types of TMD considered in this study with respect to these parameters. These findings are similar to previous studies that have measured these parameters. 26, 27 A considerable disparity existed in the mean values of occlusion time for healthy participants and participants with TMD, as noted by Baldini et al. 27 This difference cannot be easily explained by known factors. Severity of TMD in patients and the selection process for healthy individuals could be the reason for this disparity. To reduce the incidence of deflective occlusal contacts, reflex contraction of masticatory muscles can occur, leading to altered mandibular position and the prolongation of occlusion time. 27 Disclusion time >0.5 seconds has been demonstrated to cause increased contractile muscle activity in temporalis and masseter muscles. 34 The reason disclusion time in various excursive movements increases in participants with TMD remains unknown. Elevated disclusion time may be responsible for microtrauma to the masticatory musculature, which may play a role in pain-related TMD and headaches, as well as intraarticular joint disorders. 30 However, this type of study cannot establish a cause and effect relationship of TMD and psychological or functional occlusal parameters. Moreover, the results of this study should not be generalized, as the study population was small and consisted of students from a single university. A multi-center study including larger sample sizes and using more than one control group could have improved the external validity of the study. Future randomized controlled trials focusing on the cause and effect relationship regarding TMD and psychological as well as functional occlusal parameters are required.
Conclusions
Within the limitations of this study, the following conclusions may be drawn:
1. The prevalence of TMD in this university student population was 17%. 2. A positive correlation of TMD diagnosis existed with psychological parameters as well as functional occlusal parameters; however, there was no correlation between these parameters and the type of TMD diagnosis.
